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Talk Overview

� The importance of the cryosphere for the climate

� Palaeo-glaciology

� Previous states of the Cryosphere

� Archive of climate state

� Present state of the Cryosphere

� Mass Balance

� The Cryosphere-climate change interaction

� Cryosphere response to climate change

� Cryosphere forcing of climate change
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� Modelling

� Governing equations

� Levels of approximation

� Computational Parallelism

� Domain Decomposition

� Coupling

� I/O

� Conclusions
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Cryosphere and climate

Some definitions

Cryosphere The cryosphere, derived from the Greek word kryo for ”cold”
or ”to cold”, is the term which collectively describes the portions of the
Earths surface where water is in solid form, including sea ice, lake ice,
river ice, snow cover, glaciers, ice caps and ice sheets, and frozen ground
(which includes permafrost) [7]

Ice Sheet A glacier of considerable thickness and more than 50,000 square
kilometers in area, forming a continuous cover of snow and ice over a
land surface, spreading outward in all directions and not confined by the
underlying topography [6]

The only current ice sheets are in Antarctica and Greenland; the last
glacial period at Last Glacial Maximum (LGM) the Laurentide ice sheet
covered much of Canada and North America, the Weichselian ice sheet
covered northern Europe and the Patagonian Ice Sheet covered southern
South America [7].
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Ice Shelf A continuous plate of floating ice which often extends seaward
from a glacier or ice sheet on the shore [6].

Ice Stream A zone of high velocity within an ice cap or ice sheet [6].

Sea Ice Sea ice is formed from ocean water that freezes [7].

Permafrost Permafrost is soil at or below the freezing point of water for
two or more years, ice is not always present [7].
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In terms of heat capacity, the cryosphere is the second largest component of
the climate system, after the ocean [15]
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Climate system temporal timescales

� Atmosphere O(days)-O(years)

� Ocean O(seasons)-O(thousands of years)

� Ice Sheets O(tens of years)-O(multiple tens of thousands of years)
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Cryosphere and climate

Figure 1: Thermohaline circulation, figure by R. Simmon, modifications by R.
A. Rohde
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Coupling

Figure 25: Coupled Earth Systems model, figure from Wang et al. [25]
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Coupling

Methods for coupling Earth system models include

� Integrating all sub-models into a single integrated code

� Separate codes for each sub-model with some form of coupling

� File sharing

� Message Passing
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Coupling

Methods for coupling Earth system models include

� Integrating all sub-models into a single integrated code

� Difficult to integrate the sub-models (and debug), update sub-models,
introduce additional sub-models or substitute sub-models

� Separate codes for each sub-model with some form of coupling

� File sharing

• Not recommended due to poor I/O performance

� Message Passing

• Use same mechanism as distributed memory parallelism to exchange
data
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